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(54) Tone waveform generating method and iapparatus based on software 



(57) A tone waveform is generated by using a CPU 
on a multitask basis. The CPU collectively calculates 
128 (one block of) tone waveform sample values, and 
transmits the calculated tone waveform sample values 
to a reproduction section In response to a predeter- 
mined calculation triggering clock pulse (BC) generated 
every 1 28 samples. When sufficient processing capabil- 
ity of the CPU performing the multitask is available for 
the wavelbrm sample calculation, tone waveform, sam- 
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pie values for one or more following blocks are also cal- 
culated and stored in a sample buffer in advance. When 
the CPU is too busy with the other software processing 
to execute the waveform sample calculation, it rs just 
sufficient that the previously stored tone waveform sam- 
ple values be read out to be transmitted to the reproduc- 
tion section. This prevents operational delays of the 
other software processing. 
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Description 

The present invention relates to a method of and 
apparatus for generating a tone waveform by a cxsmpu- 
ter executing a software program to calculate tone s 
waveform sample values, to thereby allow a CPU or 
processor of a micro computer system to function as a 
tone generator. 

Electronic musical instruments are conventionally 
known which implement a tone generator circuit by a 10 
tone generating software program executed by a CPU. 
In order to reproduce a tone waveform with such known 
electronic musical instruments, it is necessary to supply 
tone waveform sample values to a digital-to-analog con- 
verter (DAC) regularl/in response to clock pulses oorre- is 
spending to a predetermined sampling frequency. The 
conventionally-known electronic musical instruments 
are designed to generate tone waveform samples by 
performing tone generating calculation in response to 
generation of each dock pulse. But. calculating a tone 20 
waveform sample value in response to each such clock 
pulse would undesirably result in inefficient operation of 
the CPU because preparing for and ending each tone 
waveform sample value calculation require a considera- 
ble overhead. 25 

To provide a solution to the problem, it has been 
proposed to calculate a plurality of tone waveform sam- 
ple values together for each relatively long, optional cal- 
culating clock pulse that Is generated once every 
predetermined plurality of sanrpling dock pulses. How- 30 
ever, in cases where the tone generating software pro- 
gram is run concurrently with other software, such as 
business or game software, burdens on the CPU tend to 
be significantly great because tone waveform sample 
values for a plurality of samples have to be calculated in 35 
response to each calculating clock pulse, thus resulting 
in operational delays of the other software. 

It is therefore an object of the present invention to 
provide a method of and apparatus for generating tone 
waveform samples by executing tone generating soft- 40 
ware, which can prevent or minimize operational delays 
of other software program executed concurrently with 
the tone generating software. 

In order to accomplish the above-mentioned object, 
the present invention provides a method of generating a 45 
tone waveform based on automatic performance infor- 
mation, which includes executing a waveform calculat- 
ing process for calculating tone waveform samples by 
sharing an arithmetic processing section with another 
process, arKi which is characterized by comprising the so 
steps of detecting a portion of processing capability of 
the arithmetic processing section that is not currently 
occupied by the other process as available processing 
capability for the waveform calculating process, calcu- 
lating a plurality of tone waveform samples based on the ss 
performance information in advance of predetermined 
generation timing thereof by executing the waveform 
calculating process using the available processing 
capability detected by the step of detecting, this step of 
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calculating including a step of storing the calculated 
tone waveform samples in a memory, and generating a 
tone waveform by reading out the tone waveform sam- 
ples from the memory. 

The present invention is characterized in that a por- 
tion of preceding capability of the arithmetic process- 
ing section that is not currently occupied by the other 
process is detected as available processing capability 
for the waveform calculating process and in that the 
waveform calculating process is executed using the 
thus<fetected available processing capability so as to 
calculate tone waveform samples corresponding to the 
detected available processing capability. The calculated 
tone waveform samples are stored In a memory and 
then output from the memory at a predetermined sam- 
pling frequency. The calculation of the tone waveform 
samples is always executed in advance of predeter- 
mined generation timing when these samples are to be 
output. According to the present invention, tone wave- 
form samples are calculated only to the amount corre- 
sponding to the detected available processing 
capability, in cases where a plurality of application pro- 
grams are concun-ently run on a multitask basis, this 
arrangement of the invention permits extra tone wave- 
form samples to be calculated and saved when suffi- 
dent processing capability of the arithmetic processing 
section is available for the waveform sample calculation, 
thus providing increased operational efficiency of the 
arithmetic processing section. Also, even when the 
arithmetic processing section is t>usy with another appli- 
cation program, i.e., even when the arithmetic process- 
ing section is used for the other application program 
with priority over the waveform sample calculation, tone 
waveform samples can continue to be output without a 
break k>y just reading out the tone waveform samples 
calculated and saved previously when sufficient 
processing capability of the arithmetic processing sec- 
tion was available for the waveform sample calculation, 
with the result that the other application program can t>e 
executed with increased efficiency 

The step of calculating a plurality of tone waveform 
samples may calculate one or more predetermined 
units of the tone waveform samples collectively depend- 
ing on the detected available processing capability, with 
each of the units t>eing a predetermined number of the 
tone waveform samples. This arrangement of the inven- 
tion can substantially reduce the overhead spent in pre- 
paring for the waveform sanple value calculating 
process and the like. 

Further, in a preferred embodiment, the step of cal- 
culating starts calculating the tone waveform samples in 
advance of the step of generating, and the step of gen- 
erating starts reading the tone waveform samples from 
the memory only after a plurality of the tone waveform 
samples are stored in the memory. 

When more than a predetermined number of Tj 
unread tone waveform samples are not resident in the ^ 
memory, the step of calculating may calculate a prede- 
termined number of tone waveform samples irrespec- 
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ttve of the detected available processing capability. 
Thus, even when more than a predetermined number of 
unread tone waveform samples are not resident in the 
memory (e.g., when no tone waveform sample is con- 
tained in the memory at all) due to the fact that the arith- 5 
metic processing section is too busy with another 
process to execute the advanced calculation of tone 
waveform samples, calculation of tone waveform sam- 
ples can always be guaranteed to provide a predeter- 
mined number of tone waveform samples, which reliably 10 
prevents an unwanted break in generated tones. 

According to another aspect, the present invention 
provides a method of generating a tone waveform 
based on performance information, which includes exe- 
cuting a waveform calculating process for calculating is 
tone waveform samples by sharing an arithmetic 
processing section with another process, and which is 
characterized by comprising the steps of detecting an 
amount of calculation necessary for the other process 
when the waveform calculating process is to be exe^ so 
cuted. and calculating tone waveform samples by selec- 
tively executing the waveform calculating process that 
involves s different calculation amount depending on 
the amount of calculation necessary for the other proc- 
ess detected by the-Step of detecting. 25 

This arrangement achieves efficient processing by 
permitting selective switching in the calculation amount 
of the waveform calculating process. For example, the 
calculation amount is made relatively small when the 
amount of calculation necessary for the other process is 30 
relatively great; otherwise the calculation amount is 
made relatively great. 

Preferably, tone waveform samples may be calcu- 
lated with different precision depending on the calcula- 
tion amount involved in the waveform calculating 35 
process. Namely, by selectively switching the calculat- 
ing precision of the waveform calculating process 
depending on the amount of calculation necessary for 
the other process, tone waveform sannples can be cal- 
culated with relatively low (coarse) precision when the 40 
amount of calculation necessary for the other process is 
relatively great, while tone waveform samples can be 
calculated with relatively high (fine) precision when the 
amount of calculation necessary for the other process is 
relatively small. This allows tone waveform samples to 45 
be generated without involving increased burdens on 
A the arithmetic processing section and influencing the 
J other process and without causing an unwanted break. 
— ' > According to still another aspect, the present inven- 
tion provides a method of generating tone waveforms so 
corresponding to first performance information based 
on a real-time performance and second performance 
information t>ased on an automatic performance, which 
includes executing a waveform calculating process for 
calculating tone waveform samples on the basis of the ss 
first and second performance information, respectively, 
k>y use of a common arithmetic processing section, and 
which is characterized by comprising the steps of calcu- 
lating a predetermined number of first tone waveform 
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sanrtples for each predeteTMil§d period on the basis of 
the first performance information supplied in response 
to a real-time performance, detecting a portion of 
processing capalDility of the arithmetic processing sec- 
tion which is not currently occupied by a process for cal- 
culating tiie first tone waveform samples as availatsle 
processing capability for generation of a tone waveform 
k>ased on the second performance information, calculat- 
ing second tone waveform samples based on the sec- 
ond performance. Information in advance of 
predetermined generation timing thereof using the 
available processing capability detected by the step of 
detecting, storing in a memory the first and second tone 
waveform samples calculated by the steps of calculat- 
ing, and generating tone waveforms corresponding to 
the real-time performance and automatic performance 
by synchronously reading the first and second tone 
waveform samples from the memory. . 

According to this arrangement, the second tone 
waveform sanples t>ased on the second performance 
information are calculated and saved in advance of pre- 
determined generation timing thereof, when sufficient 
processing capability of the arithmetic processing sec- 
tion is available. Thus, when tiie first performance infor- 
mation is supplied in response to a real-time 
performance, the process for calculating the first tone 
waveform samples on the basis of the first performance 
information can be executed with priority over the proc- 
ess for calculating the second tone waveform samples. 
The burdens on tiie arithmetic processing section are 
effectively distributed timewise, which achieves 
increased operational efficiency of tiie processing sec- 
tion. 

For better understanding of various features of the 
present invention, the preferred embodiments of tine 
invention will be described in detail hereinbelow with ref- 
erence to tiie accompanying drawings, in which: 

Fig. 1 is a block diagram Illustrating an exemplary 
hardware structure of a microcomputer system 
which has a tone generating function based on the 
principle of the present Invention; 
Figs. 2A to 2B are diagrams illustrating exemplary 
configurations of various software programs stored 
in the microcomputer system of Fig. 1 ; 
Fig. 3 is a timing chart explanatory of reproduction 
processing carried out in the microcomput®" sys- 
tem; 

Rg. 4 IS a flowchart illustrating exemplary operation 
of the microcomputer system; 
. Fig. 5 is a flowchart illustrating a part of a detailed 
control flow of tiie reproduction processing; and 
Rg. 6 is a flowchart illustrating the remaining part of 
tiie control flow of the reproduction processing. 

Rg. 1 is a block diagram illustrating an exemplary 
hardware structure of a microcomputer system 21 
which has a tone generating function based on the prin- 
ciple of the present invention. The microcomputer sys- 
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tern 21 comprises a CPU 10 as an arithmetic 
processing section, to which are connected, via a bus 
22. a ROM 1 1 , a RAM 12. a hard disk device 13. a timer 
14. a serial interface 15. a keytx>ardl 16. a display 17 
and a reproduction section 18. The ROM 11 has 
prestored therein a basic operating program that is 
essential to the operation of the microcomputer system 
21. The RAM 12 buffers data and a program to be exe- 
cuted, as well as various data occurring during execu- 
tion of a program by the CPU 10. The hard disk device 
13 has prestored therein a multimedia application soft- 
ware set as shown in Fig. 2. etc. and the multimedia 
application software set is read into the RAM 12 prior to 
its execution. At predetermined regular intevals, the 
timer 14 outputs an interupt signal to the CPU 10 and 
sends sampling clock pulses to the reproduction section 
18. The serial internee 15 is provided for transmitting 
and receiving data and control signals to and from vari- 
ous external peripherals connected to the microcom- 
puter system 21 . 

The keyboard 1 6 and display 1 7 may both be of any 
suitable type depending on a particular application of 
the microcomputer system 21. Where the system 21 is 
applied for example as an electronic musical instru- 
ment, the keyboard 16 may be the one conventional 
with an electronic piano keyboard or the like, and the 
display 17 may be a conventional LCD (Liquid Crystal 
Display). Where the system 21 is applied as a karaoke 
device, the keyboard 16 may be one specialized to per- 
mit a selection from among pre-recorded music pieces 
and desired tempo control, and the display 1 7 nnay be a 
large-size CRT monitor. 

The reproduction section 18 is a s6-call sound 
board, which stores in its internal buffer waveform data 
for a plurality of sannples received from the CPU 10 and 
outputs the waveform data to the D/A converter 19 in 
response to each sampling dock generated by the timer 
14. The internal buffer of the reproduction section 18 is 
of a type where data can be additionally written, so that 
each group (i.e.. block) of waveform data received from 
the CPU 10 is stored in the buffer immediately after 
another waveform data group being currently read out 
from the buffer. The buffer may be constructed as a 
FIFO, dual-port or other suitable memory structure. The 
D/A converter 1 9 converts each waveform data supplied 
from the reproduction section 18 into an analog tone 
signal, which is then audibly reproduced through a 
sound system 20 comprised of amplifiers and speakers. 

In the above-mentioned hard disk 13, there may be 
stored various other data such as automatic perform- 
ance data and chord progression data and the above- 
mentioned operating program. By prestoring the operat- 
ing program in the hard disk 13 rather than in the ROM 
1 1 and loading the operating program into the RAM 12. 
the CPU 10 can operate in exactly the same way as 
where the operating program is stored in the ROM 1 1 . 
This greatly facilitates version-up of the operation pro- 
gram, addition of an operating program, etc. A CD-ROM 
(compact disk) 23 may be used as a removabiy-attach- 
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able external recording medium for recording various 
data such as automatic performance data, chord pro- 
gression data and tone waveform data and an optional 
operating program similarly to the above-mentioned. 

5 Such an operating program and data stored in the CD- 
ROM 23 can be read out by a CD-ROM drive 24 to fc>e 
transferred for storage into the hard disk 13. This facili- 
tates Installation and version-up of the operating pro- 
gram. The removably-attachable external recording 

70 medium may of course be other than the CD-ROM, 
such-as a floppy disk and magneto optical disk (MO). 

A communication interface 25 may be connected to 
the bus 22 so tiiat the microcomputer system 21 can be 
connected via the interface 25 to a communication net- 

15 work 26 such as a LAM (Local Area Network), internet 
and telephone line network and can also be connected 
to an appropriate sever computer 27 via the communi- 
cation network 26. Thus, where the operating program 
and various data are not contained in the hard disk 13, 

so these operating program and data can be received from 
the server computer 27 and downloaded into the hard 
disk 13. In such a case, the microcomputer system 21 . 
a "dlent", sends a command requesting the server com- 
puter 27 to download the operating program and various 

25 data by way of the comnnunication interface 25 and 
communication network 26. In response to the com- 
mand, tiie server computer 27 delivers tiie requested 
operating program and data to the microcomputer sys- 
tem 21 via the communication network 26. The micro- 

30 computer system 21 completes the necessary 
downloading by receiving the operating program and 
data via the communication network 25 and storing 
these into the hard disk 13. 

It shoukii be understood here that the microoom- 

35 puter system 21 may be implemented by installing the 
operating program and >^rious data corresponding to 
the present invention in any commercially available per- 
sona! computer. In such a case, the operating program 
and various data corresponding to the present invention 

40 may be provided to users in a recorded form on a 
recording medium, such as a CD-ROM or floppy disk. 
which is readable by the personal computer. Where the 
personal computer is connected to a conmnunication 
network such as a LAN. the operating program and var- 

45 ious data may be supplied to tiie personal computer via 
the communication network similarly to the above-men- 
tioned. 

Fig. 2 shows an exemplary configuration of the mul- 
timedia-type application software set stored in the RAM 

so 12 of Fig. 1. As shown in Fig. 2A, this multimedia-type 
application software set, which may for example be for 
karaoke performance or for game playing, comprises a 
header, overall control software, image corrtrol software, 
music control software and otiier control software. The 

55 header contains various data indicative of a version, 
memory size. etc. of the multimedia-type application 
software set. The overall control software controls the 
ooncunrent or parallel operation of the above-mentioned 
software in such a manner that all these software oper- 
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ates smoothly, and the image controT software controls 
various images to be presented on the display 17. The 
music control software controls automatic perlormance 
based on automatic musical performance data and gen- 
eration of a tone waveform based on performance data s 
supplied on a real-time basis. The other control soft- 
ware controls input by a user and other operations. 

Fig. 2B shows a detail of the music control software, 
which includes reproduction processing software, a 
tone color data section, an automatic performance data io 
section and a working ai-ea. The reproduction process- 
ing software perfonns various operations, as flow- 
charted in Rgs. 4, 5 and 6, to simulate the function of a 
hardware tone generator. The tone color data section 
contains various data to actually drive the reproduction is 
processing software, including parameters for calculat- 
ing waveform sample values and controlling envelopes, 
filter controlling parameters, etc. Where the reproduc- 
tion processing software is designed to simulate a PCM 
(Pulse Code Modulation) tone generator, the tone color 20 
data section contains waveform data themselves. The 
automatic performance data section contains sequence 
data for automatically performing background and kara- 
oke music. The-working area provides various registers 
to store data that become necessary as the reproduc- 2S 
tion processing software runs as well as data produced 
during various processes, and the working area corre- 
sponds to internal registers of a cpnventional hardware 
tone generator and registers of various peripherals 
(e.g., of an interface) connected thereto. 30 

Fig. 2C shows a detail of the working area. Fig, 2D 
shows a detail of a sample buffer contained in the work- 
ing area, and Fig. 3 is a timing chart explanatory of tone 
waveform generating operations of the microcomputer 
system 21 . As shown, the sample buffer is a ring buffer 35 
comprising "n" blocks BLK(O) to BLK(n - 1), and accond- 
ing to the present invention, waveform data for 1 28 sam- 
ples (128 waveform sample values) are written in each 
of the blocks. 

In Fig. 3, the reproduction processing software is 40 
activated by a calculation triggering clock pulse 6C gen- 
erated every 128 sampling clock pulses. The reproduc- 
tion processing software sends stored waveform data of 
each of the blocks of the sample txjffer to the reproduc- 
tion section 18. and also, while checking for the opera- 45 
tional availability of the CPU 10, writes waveform data 
into the block so far as the data writing does not 
adversely influence other operations. Real-time. per- 
formance data entered by the user or player via the key- 
board 16 are input in response to a first calculation so 
triggering clock pulse BC generated after the entry, so . 
that corresponding waveform sample values are calcu- 
lated. The reproduction section 18 buffers the waveform 
data that are input via the CPU 10 in response to the 
calculation triggering clock pulse BC, and the buffered ss 
waveform data are then read out. one sample for each 
sampling clock, and supplied to the D/A converter 19. 

As shown in Fig. 2D, each of the blocks in the sam- 
ple buffer in which waveform data are to be written is 
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pointed to by a writing bIdSlipblnter WP, while each of 
the blocks in the sanrple buffer from which waveform 
data are to be read out is pointed to by a reading block 
pointer RP. In Fig. 2C reference character WF repre- 
sents a write-enable flag and reference character RF 
. represents a read-enable flag. The read-enable flag RF 
is kept set throughout a period from the start to encT of 
an automatic performance, and the write-enable flag 
WF is kept set throughout a periiDd from writing of first 
data to writing of last data of an automatic performance. 
Because the data writing takes place in advance of the 
data reading in accordance with the present invention, 
the data writing and reading periods, i.e., the periods 
during which the write-enafc^e flag VVF and the read- 
enable flag RF. are set. do not conform to each other. 

In instructing data and instructing flag sections of 
the working area are written various instructions given 
from the overall control software, and these sections 
correspond to an instruction register within a conven-' 
tional hardware tone generator. Specifically, data written 
in the instructing data and instructing flag sections are 
for example: 

data designating a specific music piece number for 
which automatic performance data are to be repro- 
duced, because the music control software con- 
tains automatic performance data for a plurality of 
music pieces; 

data designating a range to be reproduced in a 
case where only part of performance data of a spe- 
'x^lo music piece are to be reproduced; 
data designating a tone color for each performance 
part; and 

real-time performance data input via the keyboard 
16 and serial I/O 15, which may be suitably 
received by the above-mentioned other control soft- 
• ware. 

Part control data section of the working area con- 
tains tone color selecting data, tone volume level con- 
trolling data, etc. for each performance part in a case 
where multipart automatic performance data are to be 
reproduced. 

Channel control data section contains control data 
on a per-channel basis since the reproduction process- 
ing software is designed to deal with simultaneous 
sounding of tones in a plurality of tone generating chan- 
nels. Specifically, the.channel control data include vari- 
ous data necessary for each of the channels to 
generate a tone signal, such as data designating a 
musical scale, a current address counter value, data 
determining a shape and cun^ent value of an envelope. 
Namely, this channel control data section corresponds 
to registers within a conventional hardware tone gener- 
ator. 

Exemplary operation of the microcomputer system 
21 will be described in greater detail hereinbelow with 
reference to flowcharts of Figs. 4. 5 and 8. Fig, 4 is a 
flowchart illustrating an example of a main routine of the 
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reproduction processing software used in the micro- 
computer system 21Jn which reproduction processing 
is executed in a repetitive manner at step S2'after initial- 
ization of step S1. 

Figs. 5 and 6 illustrate a detailed control flow of the 
reproduction processing. First, at step S10, the repro- 
duction processing waits for a calculation triggering 
clock pulse BC to be generated. Assume that during this 
wait period, another process is being executed with the 
control returned to the overall control software. Upon 
generation of the calculation triggering dock pulse BC, 
the reproduction processing proceeds from step S10 to 
step S11 , where a detenminatlon is made as to whether 
the read-enable flag RF is currently set to a value of "1 * 
or not. If answered in the affirmative at step S11, this 
means that an automatic performance is currentiy in 
progress, so that the reproduction processing goes to 
step S12 to calculate waveform data for the automatic 
performance. At step SI 2, a comparison is made 
between current values of the writing block pointer WP 
and the reading block pointer RR If the current value of 
the writing block pointer WP equals that of the reading 
block pointer RP (WP = RP), this means that waveform 
data of a t>lock to be read out (to be sent to the repro- 
duction section 18) tills time have not yet been calcu- 
lated, and thus arithmetic operations are performed at 
steps S13 to S17 to calculate waveform data of that 
block. 

At step S13, tiie writing tslock pointer WP is incre- 
mented or advanced by one; however, because the 
sample buffer is a ring buffer as mentioned earlier, it is 
reset to "0" upon reaching its maximum value (this is 
true with incrementing operations of the writing and 
reading block pointers WP and RP as will be described 
later). Automatic perfbmiance data corresponding to 
one block are reproduced at next step S14, Then, at 
step SI 5, it is determined whether there is sufficient 
time for calculating waveform data corresponding to the 
automatic performance data, tf answered in the affirma- 
tive at step S15, calculation of waveform sample data is 
effected at step S16 witii relatively high precision (for 
example, 48 kHz in calculating frequency andi 32 bits in 
data size). If, however, there is no sufficient time for 
such high-precision waveform data calculation as deter- 
mined at step 815, the calculation is effected at step 
81 7 with the calculating precision lowered by a degree 
con-esponding to the shortage of the calculating time. 
The lowering of the calculating precision may be 
effected by lengthening the sampling dock period 
and/or reducing the number of bits to be calculated at a 
time. After step S6 or 817, the reproduction processing 
proceeds to step SI 8. 

If the value of the writing block pointer WP is greater 
than that of the reading block pointer RP as determined 
at step 812. this means that waveform data of the block 
to be read out this time have already calculated, and 
thus the reproduction processing goes from step 812 to 
step SIB directiy. 

At step 81 8, a determination Is nrtade as to whetiier 



the automatic performance has come to an end, by 
ascertaining whether the block to be read out this time 
is a last block (i.e., a block containing an end point). If 
the blod^ to be read out this time is the last block, gen- 

5 eration and readout of waveform data based on the 
automatic performance data are no longer necessary, 
so that the write-enable flag WF and read-enable flag 
RF are botii reset to "0" at step SI 9. After the resetting 
of the write-enak}le and read-enable flags WF and RF, 

70 the reproduction processing proceeds to step 820 for 
calculation of a waveform corresponding to a real-time 
performance and transmission of the waveform data to 
the reproduction section 18. 

When an automatic performance is not under way 

75 and hence the read-enable flag RF is at a value of *'0\ 
the reproduction processing goes directiy from step 81 1 
to step 820 in order to increment the reading block 
pointer RP. Waveform data of the block specified by the 
reading block pointer RP {BLK(RP)) are transmitted to 

20 the reproduction section 18 at step 823 as will be later 
described. A tone waveform is calculated in response to 
the player's real-time perfornnance data input at step * 
821, and the calculated waveform data are added into 
tiie block specified by tiie reading block pointer RP at 

25 step 822. The waveform data are then supplied from the 
block to the reproduction section 18 at step 823. After 
this, the block is cleared at step 824 now tiiat the data 
of the block BLK(RP) are no longer necessary due to 
the data supply to the reproduction section 18. Namely. 

30 "0" IS written Into every location of tiiat block. 

After step 824, the reproduction processing per- 
forms operations at and after step 830 to effect data 
writing in advance of data reading. At step 830, a deter- 
mination Is made as to whether the write-enable flag 

35 WF is cun-entiy set to "1" (WF = 1). If answered in the 
affirmative at step S30, tills means that there is any 
other automatic performance data to be written, so that 
data writing operations su-e performed at and after steps 
831. If, on the other hand, the write-enable flag WF Is 

40 not cun-ently set to "1" (WF = 0), this means tfiat prede- 
termined automatic performance have been calculated 
to the end. so that the reproduction processing is 
brought to an end without performing any other opera- 
tions. 

45 At step 831 , a determination is made as to whether 
there is time available for the "advanced" data writing, 
i.e., whetiier the CPU 1 0 is not busy with any other soft- 
ware concurrently run with the reproduction processing 
software, tf there is time available for the data writing, 

50 the writing iDlock pointer WP is incremerrted by one at 
step 832 so as to point to a t)lock in which data are to be 
written after this, arvj performance data corresponding 
to one block are read out for reproduction at step 833. 
Then, waveform data for one block are calculated on the 

55 fc>asis of the read-out performance data at step 834. and 
the calculated waveform data are written into a block 
pointed to by the writing t)lock pointer WP. in this case, 
the waveform data calculation is executed with high pre- 
dsion for all the tone generating channels because suf- 
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ficient time can be spent on the ca^ation. ing the data writing (calciSRn) in advance of the data 

Thereafter, the reproduction processing goes to reading can be utilized effectively from the starting point 

step S35 to make a determination as to whether the of the automatic performance. 

block for which the data wi-iting has been executed this In summary, according to the above-described 
time is the last block, or to step S36 to make a determi- s embodiment, there are provided a plurality of storage 
nation as to whether the sample buffer is now full of regions (blocks) for storing waveform data (waveform 
unread waveform data. If the block is the last block as sanple values), waveform data to be supplied to the 
determined at step S35. the write-enable flag WF is D/A converter 19 are generated collectively in advance 
reset to "0" at step S37 because it is no longer neces- during a period when the amount of calculation neces- 
sary to write waveform data, and then the reproduction io sary for another software processing executed in paral- 
processing is brought to an end. The determination as lei with the reproduction processing software is small 
to whether the sample buffer is now full of unread wave- (i.e.. when the CPU 10 is not busy with the other soft- 
form data is made by checking whether the writing block ware processing), and the thus-generated waveform 
pointer WP has catch up with the reading block pointer data are stored in the blocks of the sample buffer. Thus, 
RP after making a round through the ring buffer in is when the calculation amount of the other software 
advance of the readirig block pointer RP (WP = RP - 1). processing increases temporarily, waveform data gen- 
Writing new data when the sample buffer is full of erating operations to be performed at that time can be 
unread data will result in ovenA^riting unread data, and skipped without any trouble since waveform data to be 
thus the reproduction processing is brought to an end supplied to the reproduction section 18 at that timing 
after the affirmative determination at step S36. If the 20 have been generated and saved previously. This pre- 
eample buffer is not full of unread data, i.e., has any vents operational delays in the other software process- 
other block available for writing data, as determined at ing. Because generation and supply to the reproduction 
step S36. the reproduction processing loops from step section 18 of waveform data are conducted on a block- 
S36 back to step S31 . If it is deterriiined at step S31 that by-block basis, a determination as to whether there is 
there is still time left, then the data writing Is performed 2S time available is greatly facilitated*^and a plurality of 
for a next block. waveform data can be generated collectively, which pro- 

In the above-described reproduction processing. vide increased operating efficiency, 

the reading block pointer RP is constructed as a so- Each of the blocks of the sample buffer has been 

called Iree-running** counter because the sample buffer described as storing 1 28 waveform sanples. but, where 

may be used for real-time performance data input when 30 the system is designed to no accept real-time perform- 

an automatic performance is not executed and the ance data input, each of the blocks may be designed to 

pointer RP is incremented whenever the reproduction store a greater number of samples, e.g., 1 ,024 or 4,096 

processing steps through steps S20 to S24. Therefore, samples, so as to permit the CPU 10 to operate more 

when waveform data are to be written into the sample efficiently. Howe^rer. where the system accepts real-time 

buffer prior to a start of an automatic performance (i.e., ss performance data input, designing each of the blocks to 

before the read-enable flag RF is set to "1 **). it is deter- store such a greater number of samples is not prefera- 

mined how earlier than the start of an automatic per- ble in that intervals between the calculation triggering 

formahce the writing of waveform data should be clockpulsesBC become longer and hence greater time 

initiated (namely, a determination is made of a specific lags will occur from the real-time performance data 

number of counts of the calculation triggering dock 40 input to actual sounding of a tone corresponding 

pulses BCbywhichthewriting of waveform data should thereto. 

precede the automatic performance start), and then the The present invention arranged in the above- 
writing block pointer WP is set to a value equivalent to a described manner achieves the following benefits, 
sum of a current value of the writing block pointer WP According to the present invention, a detection is 
and the number of counts by which the data writing 45 madeof calculating capability of the CPU lOorarithme- 
should precede the data reading. After this, the write- tic processing section that is unoccupied by other soft- 
enable flag is set to **1'' so that leading waveform data ware processing and hence available for the 
start being written Into the block pointed to by the writing reproduction processing and a specif ic number of tone 
block pointer WP. waveform sample values corresponding to the unoccu- 
Once the specific number of the calculation trigger- so pied or available calculating capability are generated 
ing clock pulses B are generated and hence the reading prior to predetermined readout timing of the sample val- 
block pointer RP reaches the block where the waveform ues. Thus, when a plurality of applications are run con- 
data writing was initiated, the autonoatic performance is currently on a multitask basis, it is allowed to calculate 
started (i e . the read-enable flag RF is set to "11 and waveform data collectively for memory storage utilizing 
the waveform data are read out properly from the begin- ss the unoccupied or available calculating capability, which 
ning. By virtue of the arrangement that the data writing permits the CPU or arithmetic processing section to 
is executed (ue,, the write-enable flag WF is set to "1*^ operate with greatly increased efficiency. Because it is 
prior to the start of the automatic performance fi.e., the just sufficient that the previously stored waveform data 
read-enable flag RF is set to T), the function of execut- be read out to be transmitted to the reproduction section 
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18 when the arithmetic processing section Is busy with 
another application, processing by the other application 
can be performed efficiently without being influenced by 
the wavefbrrn sanple calculation. 

Further, because a predetermined number of tone 
waveform sample values are set as a b^ic calculating 
unit and tone waveform sanple values are actually cal- 
culated on a unit-by-unit basis, it is possible to reduce 
the overhead spent In preparing for the waveform value 
calculating processing etc. Furthermore, because a 
predetermined number of tone waveform sample values 
are already prepared and stored in memory at a starting 
point of an automatic performance, additional adjusting 
functions by the advanced calculation can be perbrmed 
efficiently from the starting point of an automatic per- 
formance. 

Moreover, even when the advanced calculation of 
tone waveform sample values can not be conducted 
due to great loads placed on the arithmetic processing 
section by other processing, the present invention can 
prevent an unwanted break in generated sounds 
because the waveform calculating steps are always 
taken to prepare tone waveform sample values. 

In addition, the present invention is characterized in 
that when calculating tone waveform sample values, a 
detection is made of an amount of calculation neces- 
sary for the arithmetic processing section to conduct 
other processing and the waveform sample value calcu- 
lation is executed with different calculating precision 
which is selectable in accordance with the detected cal- 
culation amount for the other processing. Even when 
the arithmetic processing section Is busy with the other 
processing, loads on the arithmetic processing section 
can t>e effectively lessened by selecting low calculating 
precision to reduce the amount of tone waveform sam- 
ple calculation. As a result, generation of tone waveform 
data can be continued with no break and without Influ- 
encing the otiier processing. 

Moreover, according to the present invention, tone 
generating processing based on an autonr^tlc perform- 
ance is executed in advance during a period when tone 
generating processing based on a real-time perform- 
ance is not placing heavy burdens on the arithmetic 
processing section. As a result, the burdens on the 
arithmetic processing section can be distributed time- 
wise, which achieves greatiy Increased operational effi- 
ciency of the arithmetic processing section. 

Claims 

1 . A method of generating a tone waveform based on 
automatic performance information, which includes 
executing a waveform calculating process for calcu- 
lating tone waveform samples by sharing an arith- 
metic processing section (10) with another process, 
said method comprising the steps of: 

detecting a portion of processing capability of 
said arithmetic processing section which is not 




currentiy occupied by the other process, as 
available processing capability for the wave- 
form calculating process; 
calculating a plurality of tone waveform sam- 
5 pies based on the performance information in 

advance of predetermined generation timing 
thereof by executing the waveform calculating 
process using said available processing capa- 
bility detected by said step of detecting, said 
10 step of calculating including a step of storing 

the calculated tone waveform samples in a 
memory (12); and 

generating a tone waveform by reading out the 
tone waveform samples from the memory. 

IS 

2. A method as defined in claim 1 wherein said step of 
calculating calculates one or more predetermined 
units of the tone waveform samples depending on 
said detected available processing capability, each 

20 . said unit being a predetermined number of the tone 
waveform samples. 

3. A method as defined in claim 1 wherein said step of 
calculating starts calculating the tone waveform 

25 samples in advance of said step of generating, and 
said step of generating starts reading the tone 
waveform samples from the memory after a plural- 
ity of the tone waveform samples are stored in the 
memory. 

30 

4. A method as defined in claim 1 wherein when more 
tiian a predetermined nurrt>er of unread tone wave- 
form samples are not resident in the memory, said 
step of calculating calculates a predetern^ned 

35 number of tone waveform samples irrespective of 
said detected available processing capability. 

5. A method of generating a tone waveform based on 
performance information, which Includes executing 

40 a waveform calculating process for calculating tone 
waveform samples by sharing an arithmetic 
processing section (10) with another process, said 
method comprising the steps of: 

45 detecting an amount of calculation necessary 

for the other process, when the waveform cal- 
culating process is to be executed; and 
calculating tone waveform samples by selec- 
tively executing the waveform calculating proc- 

so ess that involves s different calculation amount 

depending on said amount of calculation nec- 
essary for the other process detected by said 
step of detecting. 

55 6. A method as defined In claim 5 wherein said step of 
calculating calculates the tone waveform samples 
with different precision depending on the calcula- 
tion amount involved in the waveform calculating 
process. 
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7. A method of generating tone waveforms corre- 
sponding to first performance information based on 
a real-time performance and second performance 
information based on an automatic performance, 
which includes executing a waveform calculating 5 
process for calculating tone waveform sarrples on 
the basis of said first and second performance 
information, respectively, by use of a common arith- 
metic processing section (10), said method com- 
prising the steps of: 10 

calculating a predetermined number of first 
tone waveform sanrples for each predeter- 
mined period on the basis of said first perform- 
ance information supplied in response to a is 
real-time performance; . 
detecting a portion of processing capability of 
said arithmetic processing section which is not 
currently occupied by a process for calculating 
said first tone waveform samples, as available 20 • 
processing capability for generation of a tone 
waveform based on said second performance 
information; 

calculating second tone waveform samples 
based on said second performance information 2S 
in advance of predetermined generation timing 
thereof, using said available processing capa- 
bility detected by said step of detecting; 
storing in a memory (12) said first and second 
tone waveform samples calculated by said 30 
steps of calculating; and. 
generating tone waveforms corresponding to 
the real-time perfornrrance and automatic per- 
formance by synchronously reading said first 
and second tone waveform samples from the ss 
memory. 

8. A method as defined in claim 7 wherein said step of 
storing in a memory includes a step of adding said 
first and second tone waveform samples for each 40 
sample corresponding to same generation timing 

so as to store resultant added tone waveform sam- 
ples in the memory, and said step of generating 
reads out the added tone waveform samples from 
the memory. 45 

9. A method of generating tone waveforms oorre- 
sponding to f irst performance information tiased on 
a real-time performance and second performance 
information based on an automatic performance, so 
which includes executing a waveform calculating 
process for calculating tone waveform samples on 
the basis of said first and second performance 
information, respectively, by use of a common arith- 
metic processing section (10). said method com- ss 
prising the steps of: 

calculating a predetermined number of first 
tone waveform sanples for each predeter- 
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mined block peillKn the basis of said first 
performance information supplied in response 
to a real-time performance, said step of calcu- 
lating including a step of, at optional time witNn 
first said block period, calculating said prede- 
termined number of first tone waveform sam- 
ples to be generated within second said block 
period following said first block period and stor- 
ing the calculated first tone waveform samples 
in a memory, said first tone waveform samples 
stored in the memory being sequentially read 
out at regular sampling intervals in said second 
block period; 

detecting a portion of processing capability of 
said arithmetic processing section which is not 
currently occupied by a process for calculating 
said first tone waveform samples, as available 
processing capability for generation of a tone 
waveform based on said second performance 
Information; 

calculating second tone waveform samples 
based on said second performance information 
in advance of predetermined generation timing 
thereof, using said available processing capa- 
bility detected by said step of detecting, said 
st^ of calculating second tone waveform sam- 
ples including a step of storing in a memory 
(12) the calculated second tone waveform 
samples; and 

generating tone waveform samples corre- 
sponding to the real-time performance and 
automatic performance by, at regular sampling 
intervals, reading out from the memory said 
first and second tone waveform samples conre- 
sponding to each same said block period. 

A method as defined in claim 9 wherein said step of 
storing said first and second tone waveform sam- 
ples adds said first and second tone waveform 
samples, for each sample, that are to be generated 
In same said block period so as to store resultant 
added tone waveform samples in the memory and 
said step of generating reads out the added tpne 
waveform samples from the memory. 

A machine readeUDle recording medium containing a 
group of instructions to cause said machine to 
inrplement a method of generating a tone waveforrn 
based on automatic performance information, said 
method including executing a waveform calculating 
process for calculating tone waveform samples by 
sharing an arithmetic processing section (10) with 
another process, said method comprising the steps 
of: 

detecting a portion of processing capability of 
said arithmetic processing section which is not 
currently occupied by the other process, as 
available processing capability for the wave- 
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. form calculating process; 
calculating a plurality of tone waveform sam- 
ples based on the automatic performance infor- 
mation in advance of predetermined 
generation timing thereof by executing the s 
waveform calculating process using said avail- 
able processing capability detected by said 
step of detecting, said step of calculating 
including a step of storing the calculated tone 
waveform samples in a memory (12); and 10 
generating a4one waveform by reading out the 
tone waveform samples from the memory 

12. A machine readable recording medium containing a 
group of instructions to cause said machine to is 
implement a method of generating a tone waveform 
based on performance information, said method 
including executing a waveform calculating process 

for calculating tone waveform samples by sharing 
an arithmetic processing section (10) with another 20 
process^ said method comprising the steps of: 

detecting an amount of calculation necessary 
for the other process, when the waveform cai* 
culating process is to be executed: and 2S 
calculating tone waveform samples by selec- 
tively executing the waveform calculating proc- 
ess that involves a different calculation amount 
depending on said amount of calculation nec- 
essary for the other process detected by said so 
step of detecting. 

13. A machine readable recording medium containing a 
group of instructions to cause said machine to 
implement a method of generating tone waveforms 35 
corresponding to first performance information 
based on a real-time performance and second per- 
formance information based on an automatic per- 
formance, said method including executing a 
waveform calculating process for calculating tone 40 
waveform samples on the basis of said first and 
second performance information, respectively, by 
use of a common arithmetic processing section 
(10). said metiiod comprising the steps of: 

45 

calculating a predetermined number of first 
tone waveform samples for each predeter- 
mined period on the basis of said first perform- 
ance information supplied in response to a 
real-time performance; so 
detecting a portion of processing capability of 
said arithm^ic processing section which is not 
cun^ently occupied by a process for calculating 
said first tone waveform samples, as available 
processing capability for generation of a tone ss 
waveform based on said second perfornftance 
information; 

calculating second tone waveform samples 
based on said second performance information 




in advance of predetermined generation timing 
thereof, using said available processing capa- 
bility detected by said step of detecting; 
storing in a memory (12) said f irst and second 
tone waveform samples calculated by said 
steps of calculating; and 
generating tone waveforms corresporxJing to 
the real-time performance and automatic per- 
formance by synchronously reading said first 
and second tone waveform samples from the 
memory. 

A machine r6adafc)le recording medium corrtaining a 
group of instructions to cause said machine to 
implement a method of generating tone waveforms 
corresponding to first performance information 
based on a real-time performance and second per- 
formance information based on an automatic per- 
formance, said method including executing a 
waveform calculating process for calculating tone 
waveform samples on the basis of said first and 
second performance information, respectively, by 
use of a common arithmetic processing section 
(10). said method comprising the steps of: 

calculating a predetermined number of first 
tone waveform samples for each predeter- 
mined block period on the basis of said first 
performance information supplied in response 
to a real-time performance, said step of calcu- 
lating including a step of, at optional time within 
first said block period, calculating said prede- 
termined number of first tone waveform sam- 
ples to be generated within second said block 
period following said first block period and stor- 
ing the calculated first tone waveform samples 
in a memory, said first tone waveform sanples 
stored in the memory being sequentially read 
out at regular sampling intervals in said second 
block period; 

detecting a portion of processing capability of 
said arithmetic processing section which is not 
currentiy occupied fc>y a process for calculating 
said first tone waveform samples, as availat^le 
processing capability for generation of a tone 
waveform based on said secorKi performance 
information; 

calculating second tone waveform samples 
based on said second performance information 
in advance of predetermined generation timing 
thereof, using said available processing capa- 
bility detected by said step of detecting, said 
step of calculating second tone waveform sam- 
ples including a step of storing in a memory 
(12) tiie calculated second tone waveform 
samples; and 

generating tone waveform samples corre- 
sponding to the real-time performance and 
automatic performance by. at regular sampling 
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intervals, reading out from the memory said 
first and second tone waveform samples corre- 
sponding to each same said block period. 

1 5. A computer system for generating a tone waveform 
based on automatic performance information, 
which executes a waveform calculating process for 
calculating tone waveform samples and another 
process in parallel by use of a common arithmetic 
processing section (10), said computer system 
comprising: 

means for detecting a portion of processing 
capability of said arithmetic processing section 
which is not- currently occupied by the other 
process, as available processing capability for 
the waveform calculating process; 
means for calculating a plurality of tone wave- 
form samples based on the performance infor- 
mation in advance of predetermined 
generation timing thereof by executing the 
waveform calculating process using said avail- 
able processing capability detected by said 
means for detecting, said means for calculating 
also storing the calculated tone waveform sam- 
ples in a memory (12); and 
means for generating a tone waveform by read- 
ing out the tone waveform samples from the 
memory 

16. A computer system for generating a tone waveform 
based on performance information, which executes 
a waveform calculating process for calculating tone 
waveform samples and another process in parallel 
by use of a common arithmetic processing section 
(10). said computer system comprising: 

means for detecting an amount of calculation 
necessary for the other process, when the 
waveform calculating process is to be exe- 
cuted; and 

means for calculating lone waveform samples 
by selectively executing the waveform calculat- 
ing process that involves a different calculation 
amount depending on said amount of calcula- 
tion necessary for the other process detected 
by said means for detecting. 

17. A computer system for generating tone waveforms 
corresponding to first performance information 
based on a real-time performance and second per- 
formance information based on an automatic per- 
formance, which executes a waveform calculating 
process for calculating tone waveform samples on 
the basis of said first and second performance 
information, respectively, by use of a common arith- 
metic processing section (10), said computer sys- 
tem comprising: 



Jiangs 



means for calculal^a pred^ermined number 
of first tone waveform samples for each prede- 
termined period on the basis of said first per- 
formance information supplied in response to a 

5 real-time performance; 

means for detecting a portion of processing 
capability of said arithmetic processing section 
which is not currently occupied by a process for 
calculating said first tone waveform samples, 

10 as available processing capability hr genera- 

tion of a tone waveform based on said second 
performance information; 
means for calculating second tone waveform 
samples based on said second performance 

15 information in advance of predetermined gen- 

eration timing thereof, using said available 
processing capability detected by said means 
for detecting; 

means for storing in a memory (12) said first 
20 and second tone waveform samples calculated 

by said means for calculating; and 
means for generating tone waveforms corre- 
sponding to the real-time performance and 
automatic performance by synchronously read- 
25 ing said first and second tone waveform sani--^- 

pies from the memory. 

18. A computer system for generating tone waveforms 
corresponding to first performance information sup- 
so plied in response to a real-time performance and 
second performance information supplied In 
response to an automatic performance, which exe- 
cutes a waveform calculating process for calculat- 
ing tone waveform samples on the basis of said first 
35 and second performance information, respectively, 
by use of a common arithmetic processing section 
(10), said computer system comprising: 

means for calculating a predetermined number 

40 of first tone waveform samples for each prede- 

termined block period on the basis of said first 
performance information supplied in response 
to a real-time performance, said means for cal- 
culating, at optional time witNn first said block 

45 period, calculating said predetermined number 

of first tone waveform samples to be generated 
within second said block period following said 
. first block period and storing the calculated first 
tone waveform samples in a memory (12), said 

so first tone waveform samples stored in the mem- 

ory being sequentially read out at regular sam- 
pling intervals in said second block period; 
means for detecting a portion of processing 
capability of said arithmetic processing section 

55 which is not currently occupied by a process for 

calculating said first tone waveform sanrples, 
as available processing capability for genera- 
tion of a tone waveform based on said second 
performance infornriation; 
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means for calculating second tone waveform 
samples based on said second performance 
information in advance of predetermined gen- 
eration timing thereof, using said available 
processing capability detected by said means 5 
for detecting, said means for calculating sec- 
ond tone waveform samples also storing in a 
memory the calculated second tone waveform 
samples; and 

means for generating tone waveform samples 10 
corresponding to the real-time performance 
and automatic performance by. at regular sam- 
pling intervals, reading out from the memory 
said first and second tone waveform samples 
corresponding to each same said blodc period, is 
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(54) Tone waveform generating method and apparatus based on software 



(57) A tone waveform is generated by using a CPU 
on a multitask t^asis. The CPU. collectively calculates 
128 (one block of) tone waveform sample values, and 
transmits the calculated tone waveform sample values 
to a reproduction section in response to a predeter- 
mined calculation triggering clock pulse (BC) generated 
every 128 samples. When sufficient processing capabil- 
ity of the CPU performing the multitask is available for 
the waveform sample calculation, tone waveform sam- 
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pie values for one or more following blocks are also cal- 
culated and stored in a sample buffer in advance. When 
the CPU is too busy with the other software processing 
to execute the waveform sample calculation, it is just 
sufficient tiiat the previously stored tone waveform sam- 
ple values be read out to be transmitted to the reproduc- 
tion section. This prevents operational delays of the 
other software processing. 
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